Background. Invasive aspergillosis is associated with high death rates. Factors associated with increased mortality have not yet been identified in a large population of patients with various underlying conditions.
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This was a retrospective analysis, and there were no interventions with respect to the diagnostic procedures or the treatment. The study was approved by the local ethics committee (Comité d'Ethique des Facultés de Médecine, d'Odontologie, de Pharmacie et du Centre Hospitalier Régional de Strasbourg). The committee waived the need for informed consent.
Therapy for invasive aspergillosis. First-line therapy evolved over time, from an amphotericin B (AmB) formulation to voriconazole, when the latter agent became available in France in October 2002. Overall, 104 patients were enrolled in various prospective clinical trials for primary or salvage therapy. In each of these cases, an ethical committee approved the protocol, and all patients gave informed consent.
Definitions. Neutropenia was defined as a neutrophil count of !500 cells/mL. Proven, probable, or possible invasive fungal infections were defined according to the European Organisation for Research and Treatment of Cancer/Mycosis Study Group definition criteria, with the exception of the galactomannan antigen test [16] . On the basis of previous publications [17, 18] , we accepted as positive a single value 10.5 . Degree of certainty was assessed using information available to the clinicians within 4 days after initiation of therapy. When a patient developed 2 episodes of IA, only the first episode was analyzed.
Imaging review. All chest radiographs and CTs were reviewed by a physician who was experienced in the assessment of IA to analyze baseline images [7, 19, 20] . The extent of pulmonary lesions was categorized into localized (i.e., restricted to a single lobe) or diffuse (i.e., found in 11 lobe).
Causes of death. Death was attributed to aspergillosis (1) in patients who did not respond to therapy (i.e., who had stable disease or disease progression) at time of death; (2) in patients with a partial response to therapy who died as the result of an acute event involving any of the sites of infection or of an unknown cause; and (3) in patients who died as a result of the toxicity of antifungal therapy.
Data collection. The following data were collected: demographic data; underlying condition; date of diagnosis and status of cancer; anticancer and corticosteroid therapy received during the 3 preceding months; medical history; receipt of prior antimicrobial therapy, including agents that can induce falsepositive galactomannan test results [21, 22] ; biological parameters, including leukocyte and differential cell counts, creatinine clearance level, C-reactive protein level, and fibrinogen level; radiological and clinical signs; microbiological data, including microscopy findings, culture results, and the results of tests to detect anti-Aspergillus antibody and galactomannan antigen; histopathological test results; anti-Aspergillus therapy; and cause and date of death. Parameters for prognostic significance were abstracted from the list above. All parameters that were included in the analysis had to be available within 4 days after the onset of the first anti-Aspergillus therapy.
Statistical methods. End points of the analyses were 12-week overall survival and disease-specific survival. Overall survival evaluated the risk of death from all causes, and diseasespecific survival evaluated the risk of death from aspergillosis. Overall survival was measured from the date of diagnosis to the date of death, regardless of cause, censored at 12 weeks. Specific survival was measured from the date of diagnosis to the date of death from aspergillosis (patients dying from other causes were censored at the time of death). All assessments were updated on 1 July 2006. All survivors had a minimum follow-up period of 12 weeks.
Univariate analysis was performed according to the method described by Kaplan and Meier [23] . Curves were compared with use of the log-rank test, and 95% CIs were computed according to the method described by Rothman [24] . All variables with a P value !.2 were introduced into a backward stepwise Cox regression model, allowing for interactions [25] . Hazard ratios were computed, as well as their 95% CIs. Categorical variables with g classes were recoded into g-1 dummy variables. Continuous variables were categorized and treated similarly. The statistical software used was SAS, version 9.1 (SAS Institute). P values !.05 were considered to be statistically significant.
Because major progress in therapeutic methods had occurred over the study period as a result of the availability of voriconazole, we stratified the multivariate analysis by first-line therapy to produce a consistent analysis of the other variables, independent of the therapy applied [7] .
RESULTS
Case selection and patient characteristics. We identified 385 cases of suspected or documented IA over the 9-year study period. We excluded 82 cases in which, after an analysis of prognostic factors, the diagnosis was doubtful. Reasons for exclusion were colonization by Aspergillus species in the absence of any clinical or radiological sign or symptom of lower or upper respiratory tract infection (10 cases); false-positive serum galactomannan test results, mostly occurring in patients who received piperacillin-tazobactam (26 cases); noninvasive aspergillosis (10 cases); bacterial, viral, or non-Aspergillus fungal pneumonia (19 cases); noninfectious cause (4 cases); and subsequent episode of IA (13 cases).
Because we analyzed the impact of the factors present at onset of therapy, we also excluded 14 cases of IA that had not been treated. Absence of therapy was explained by a confounding cause of pulmonary signs and symptoms or by the death of the patient before results of diagnostic tests were obtained.
Thus, 289 cases fulfilled selection criteria. Most patients had an underlying hematological malignancy, received a hematopoietic stem cell transplant (HSCT), or a had a solid tumor. Ten patients had a history of solid-organ transplantation, but all of them had a malignancy. Primary host condition included nonmalignant disease in 21 cases (7.3%), as follows: aplastic anemia in 3; AIDS in 3; rheumatoid arthritis in 3; chronic granulomatous disease in 2; drug-induced agranulocytosis in 2; monoclonal gammopathy of unknown significance combined with acute renal failure or diabetes mellitus in 2; and alveolar proteinosis, autoimmune hemolytic anemia, pulmonary Langerhans cell histiocytosis, hypogammaglobulinemia, scleroderma, and celiac disease in a pregnant woman in 1 case each. Patients without neutropenia, impaired granulocyte function, prolonged corticosteroid therapy, or HIV infection had a proven diagnosis of IA.
Seventy-seven (26.6%) of 289 cases occurred in patients with concomitant noninfectious lung disease, as follows: primary or secondary localization of the malignancy in 31 cases, chronic obstructive bronchopulmonary disease in 11, emphysema in 8, bronchiolitis obliterans due to graft-versus-host disease (GVHD) in 5, bronchiectasis in 3, pulmonary fibrosis in 3, tuberculosis sequels in 3, lung transplantation in 2, asthma in 2, and pulmonary Langerhans cell histiocytosis, diaphragm paralysis, inhaled bronchial foreign body, aspiration pneumonia, right pneumonectomy, silicosis, alveolar proteinosis, alveolar hemorrhage, and sarcoidosis in 1 case each. In 28 (9.7%) of the cases, patients were intubated and received mechanical ventilation before onset of aspergillosis.
Aspergillosis was localized to the lungs in 258 cases, disseminated in 19 cases, and localized to another single organ in 12 cases (sinuses in 6 cases, kidney in 2, nose in 1, ear and temporal bone in 1, thyroid in 1, and toe in 1).
In a majority of cases (178 cases; 61.6%), patients were treated primarily with an AmB formulation (deoxycholate AmB in 127 cases and a lipid formulation of AmB in 51 cases). Voriconazole was administered as first-line therapy in 62 cases (21.5%). In the 49 remaining cases, patients received another primary therapy, mainly based on itraconazole or a combination of 2 agents.
Survival according to first-line therapy differed ( ) P p .016 between the various therapeutic strategies used over the 9-year period (figure 1). Similarly, we observed an effect of treatment period: patients who were treated before October 2002 had a 12-week overall survival rate of 47.5%, whereas patients who were treated after October 2002 had a 12-week overall survival rate of 60.4% ( ) (figure 2). Because no modification P p .01 occurred in diagnostic strategy, it is likely that this difference was related to the use of voriconazole after this date for most patients other than those who were enrolled in clinical trials.
Univariate and multivariate analysis. A total of 138 patients died within 12 weeks after initiation of therapy. Of these deaths, 114 (82.6%) were attributed to aspergillosis. Overall survival and disease-specific survival at 12 weeks were 52.2% (95% CI, 46.5%-57.9%) and 59.8% (95% CI, 54.0%-65.4%), respectively (figure 3). All variables with a P value of !.20 for at least 1 of the 2 end points in univariate analysis are listed in table 1. The following parameters did not reach a P value of !.20 for any of the end points in the univariate analysis: age, sex, time from diagnosis of cancer to onset of aspergillosis, receipt of anticancer chemotherapy or antibiotics during the preceding month, leukocyte count, duration of neutropenia before onset of aspergillosis, C-reactive protein level, fibrinogen level, maximum daily corticosteroid dose during the preceding 3 months, prior anti-Aspergillus prophylaxis, and time from first clinical, radiological, or mycological sign of infection to initiation of therapy. Tables 2 and 3 list the factors with a prognostic significance in multivariate analysis for overall and attributable mortality, respectively.
DISCUSSION
Factors of prognostic significance in IA aspergillosis have been analyzed only in small series or in very specific populations of patients, such as recipients of HSCTs, patients with AIDS, or critically ill patients [9] [10] [11] [12] [13] [14] [15] . In our study, we reviewed all of the cases of IA that occurred in patients hospitalized in an oncology-hematology service or that occurred in patients with cancer who were hospitalized in intensive care units over a 9-year period, allowing us to collect a large number of cases associated with various underlying oncological or hematological conditions. To ensure exhaustivity, we reviewed the charts of all patients with suspected aspergillosis. Of these 385 cases, 82 were confidently excluded, either because another explanation was identified or because the case did not fulfill definition criteria [16, 26] . An additional 14 patients were excluded because they had not received anti-Aspergillus therapy and, therefore, did not qualify for analysis of the impact on outcome of factors present at the onset of therapy.
Underlying conditions in our patients included hematological malignancies, solid tumors, receipt of autologous and allogeneic HSCTs, solid-organ transplantation, HIV infection, prolonged corticosteroid therapy, and other immune deficiencies. These are fully representative of the conditions associated with the occurrence of IA: they represented 99% of the total number of patients in the 2 largest randomized clinical trials conducted during the previous decade [7, 27] . In addition, the international definition criteria for invasive fungal infections fully apply only to these patient populations, allowing us to classify these cases according to the consensus criteria [16, 26] . Our patient population is, therefore, representative of the patients at risk for IA and is well defined, because we used internationally accepted definition criteria.
In 94 (32.5%) of our cases, the patient did not reach the level of probable or proven disease within 4 days after initiation of therapy. However, when the cases were classified at the end of the episode by integrating all available information (including autopsy data, if such data existed), 52 of the cases were upgraded to the level of probable or proven disease, suggesting that we were right to include these cases in the analysis. The remaining 42 cases remained at the level of possible IA according to the European Organisation for Research and Treatment of Cancer/Mycosis Study Group definition criteria, but no other infectious or noninfectious cause could be demonstrated. IA was the most likely diagnosis. Our patient selection appears to have been adequate and, interestingly, included a large proportion of patients who usually are not eligible for clinical trials. We demonstrate that survival is higher when therapy is started before microbiological confirmation of the disease, compared with when therapy is delayed until positive mycological or serological test results are obtained. This suggests that preemptive therapy of IA improves patient outcome.
The 12-week overall survival rate (52.3%) was lower by nearly 20% for our patients, compared with the survival rate in the best arm of 2 recent comparative randomized studies, the comparative voriconazole trial (survival rate, 70.8% for patients treated with voriconazole) and the Ambiload study (survival rate, 72% for patients receiving 3 mg/kg/day of liposomal AmB) [7, 27] . This major difference can be explained by the use of AmB deoxycholate as the primary therapy for most patients treated until October 2002 (before voriconazole was available). The 12-week survival rate for AmB deoxycholate-treated patients is known to be significantly lower (57.9% in a comparative trial), which is much closer to our results [7] . Another explanation is the absence of selection of our cases, compared with cases included in clinical trials. Two conditions that are usually excluded in clinical trials, severe renal impairment and/or intubation at the onset of therapy, were present in 40 cases (13.8%).
Not surprisingly, allogeneic HSCT recipients had a worse outcome than did leukemic patients. Most of these transplant recipients had acute or chronic GVHD, a factor that we did not include in the multivariate analysis because of its interaction with the underlying condition of allogeneic HSCT in our analysis. GVHD has already been associated with a poor outcome in several studies [9, 11, 28] .
Progressive underlying malignancy has also been associated with a lower overall survival and lower specific survival according to previous reports [12, 29] . The presence of a concomitant noninfectious respiratory disease is a significant predictor of poor overall survival, but it has no impact on specific survival, which emphasizes the interference of the host condition with outcome.
Severe pretransplant pulmonary function impairment has been associated with a higher death rate among HSCT recipients [9] . We demonstrated that any pre-aspergillosis respiratory function impairment, irrespective of its severity, was critical in our patient population. Concomitant respiratory disease may also represent a major additional risk factor for aspergillosis in immunosuppressed patients, because it was present in more than one-quarter of our patients with IA.
Renal function has always been considered to be critical in patients with invasive fungal infection because of the potential nephrotoxicity of AmB. We demonstrate that even a moderate decrease in creatinine clearance level is associated with a significant impact on the survival of patients with IA, independent of the primary antifungal therapy.
Receipt of prior corticosteroid therapy has been consistently associated with poor outcome of allogeneic HSCT [9, 11, 30, 31] . We show that, in patients with various hematological malignancies or solid tumors, treatment with corticosteroids at a dose as low as 0.2 mg/kg/day at onset of aspergillosis is associated with higher mortality, independent of the underlying host condition. Previous studies have suggested that much higher doses of corticosteroids (at least 2 mg/kg/day) are required to have a positive impact on outcome [9, 11, 30, 31] . These studies involved HSCT recipients who received unusually high dosages of corticosteroids; therefore, the impact of administering lower dosages may be more difficult to assess for such patients, compared with the patients in our study.
It is well accepted for many types of infections that neutropenic patients have a worse outcome if they do not recover from neutropenia. This was also highly significant for our patients, but this parameter was not introduced into the multivariate analysis, because this information was not available at the onset of therapy. Neutropenia at baseline has no impact on overall mortality, but it affects the attributable mortality. On the contrary, a low monocyte count is associated with increased overall mortality. This finding has already been reported by Cordonnier et al. [9] among HSCT recipients and has been confirmed by Upton et al. [30] .
The extent of the infection, as determined by the presence of diffuse pulmonary involvement or dissemination of the infection to other organs, is associated with a major increase in the probability of death. Although multivisceral dissemination of the disease is a well-known cause of death among patients with IA, the impact of the extent of pulmonary infection has not yet been fully investigated. The presence of a halo sign has been associated with a better outcome in a univariate analysis [19] . One explanation for this may be that patients with a halo sign receive an earlier diagnosis and have earlier onset of therapy, compared with patients who have a nodule without a halo. This hypothesis is supported by the fact that the occurrence of a halo sign is associated with a very early and transient stage of IA [10, 19] . Similarly, Yeghen et al. [29] showed that patients with typical signs and symptoms associated with IA (e.g., a halo sign, a cavitation, or a sequestrum) have a better outcome, compared with patients who have diffuse lung involvement. In this study, we have shown that the extent of pulmonary lesions, defined according to a simple classification as localized (single pulmonary lobe involvement) or diffuse (involvement of у2 lobes), has an influence on both overall and attributable mortality. Presence of a pleural effusion was associated with a higher overall mortality rate but had no effect on attributable mortality.
Upton et al. [30] reviewed cases from January 1990 through December 2004 and showed a significant decrease over time in mortality among patients with a diagnosis of IA after receipt of an HSCT. The 90-day probability of survival was 22% for the period from 1990 through 2001 and was 47% for the period from 2002 through 2004. This decrease in the death rate was attributed to changes in transplantation practices, including the use of nonmyeloablative regimens and receipt of peripheral stem cells; improved diagnostic procedures, including the introduction of the galactomannan test in 2003; and the widespread use of voriconazole after October 2002. We also show an improvement in outcome over time: the 12-week survival was 60.4% from October 2002 through the end of the study, compared with 47.5% before October 2002. Because all patients were screened for galactomannanand had routine CTs throughout the study period, the only significant change was the increased use of voriconazole monotherapy from October 2002 through the end of the study for all patients who were not included in a clinical trial.
This study identifies several factors that are predictive of death among patients with IA, independent of the treatment given. They should be considered for stratification in future clinical trials that assesses the efficacy of new antifungal agents or for selecting subgroups of patients who might benefit from more-aggressive therapeutic strategies, such as combination antifungal therapy. In addition, initiation of therapy at the stage of possible infection, rather than after confirmation of the diagnosis, improves the outcome; this calls for a better definition of possible cases. Inclusion of well-defined possible cases into clinical trials should also be considered and could help in the development of more-efficient preemptive strategies, filling the current gap between empirical therapy and treatment of documented infection.
